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The purpose of the study was to evaluate the effect of two calcium sources (calcium 
carbonate  and  calcium  fructoborate)  on  bone  mineralization  in  weaned  piglets, 
starting from the hypothesis that boron might improve calcium (Ca) absorption in 
the bone tissue. Two groups of weaned piglets (4 piglets per group) with an initial 
average weight of 15.5 ± 0.8 kg were fed for 35 days on a corn – soybean meal-
based  diet.  The  diets  differed  by  the  calcium  source:  calcium  carbonate  for  the 
control, C group and calcium fructoborate for the experimental, E group. Serum Ca 
(mg/dL), determined in the end of the experiment didn’t differ significantly (p≤ 0.05): 
10.70 ± 0.6 (C) and 11.81 ± 0.8 (E). Femur and tibia dry matter, fat and ash didn’t 
differ  significantly  (p≤  0.05)  between  the  two  groups.  The  conclusion  of  the 
experiment is that calcium fructoborate is an alternative source of calcium, but it 
didn’t  improve  calcium  absorption  in  the  bone.  The  experiment  was  conducted 
within CEEX project 110-NUTRIMINEROS. 
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Introduction 
 
Both the scientific world and the civil society, in general, show a particular 
interest in the daily dietary calcium intake. This interest is generated by the close 
correlation between the dietary Ca and several diseases such as osteoporosis, blood 
hypertension and the colon cancer. Of these diseases, osteoporosis is the second-
ranking  world  diseases  after  the  cardiovascular  diseases  (WHO,  2003).  These 
diseases have several underlying causes but the medical researchers evaluate that 
they can be prevented with dietary calcium (Gueguen and Pointillart, 2000). The 
problem is, how much? and under what form? must calcium be added to the diet to   574
ensure  bone  mineralization,  for  instance.  The  key  to  these  answers  lies  in  Ca 
bioavailability and in the presence of feeding factors which potentate its absorption 
from the food.  
Boron (B) has been accepted as an essential element for plant development 
even from the early 20
th century (Warrington, 1923), but its physiological role in 
animal feeding had not yet been completely elucidated (Armstrong, 2001). Boron 
doesn’t seem to be stored in the animal soft tissues, but it is stored in animal bones. 
There are several studies which document tat B interacts with other nutrients and 
plays a role in regulating mineral metabolism, such as calcium metabolism, and 
implicitly, in bone metabolism (Hunt, 1989; Wilson and Ruszler, 1998).  
Gueguen  and  Pointillart  (2000)  consider  that  the  balance  and  bone 
measurements, after a few weeks of consumption from a certain source of calcium, 
is one of the best method to evaluate the efficacy (bioavailability) of the particular 
source. Especially with the animal trials, after the end of experiment slaughtering, a 
range of physical and chemical determinations can be conducted on bones.  
The most frequently animals used for such experiments are the rats, pigs, 
Guinea pigs and monkeys. Pigs are omnivorous animals, which eat rapidly two, 
three meals a day. Such similar behaviour with the humans, make the pig an ideal 
model for nutrition trials (Barlet et al., 1994). There are pig experiments, which 
focused on the effect of the dietary B on bone mineralization (Hunt et al., 1994). 
A trial on weaned piglets conducted within a CEEX project (110/2006 - 
NURIMINEROS),  monitored  the  comparative  effects  of  two  calcium  sources 
(calcium  carbonate  and  calcium  fructoborate)  on  bone  mineralization.  Calcium 
carbonate is the most frequently source of calcium used by the feed manufacturers 
in Romania and calcium fructoborate, product patented by SC Natural Research 
Craiova, is source for both Ca and B. 
 
 
Materials and Methods 
 
The 5-week piglet trial was conducted on 8 Landrace X Large White, half-
sib, castrated males, weighing 15.5 ± 0.8 kg, assigned to two randomized groups (C 
and E).  
The  animals  were  housed  in  individual  metabolic  cages  located  in  the 
experimental house of the Laboratory of nutrition physiology of IBNA Balote ti.  
The piglets had free access to the feeds. The diet formulations (Table 1) 
were composed using the mathematical model for energy and protein metabolism 
simulation. The diets were isoprotein and isocaloric for the two groups but they 
differed  in  the  calcium  source:  calcium  carbonate  for  group  C  and  calcium 
fructoborate for group E. Carter and Cronwell (1998) consider that the dietary Ca 
and P levels for pigs must be twice as high than NRC (1998) recommendations so 
as to endure bone breaking strength.    575
Calcium  fructoborate,  manufactured  by  SC  Natural  Research  Craiova, 
contains, according to the manufacturing specification, 6.5 g % Ca. This additive 
was included into the diet in a proportion of 3.20%, which to ensure the same 
dietary Ca level as in the control group. The Ca/ P ratio was 1.98 (C) and 1.96 (E). 
Boron is not yet included in the norms. 
 
Table 1 
Diet formulation  
 
  Ca carbonate (C)  Ca fructoborate 
(E)  Rice  10.00  5.00 
Corn  50.70  54.50 
Gluten  3.00  3.00 
Soybean meal 
(44% protein) 
13.80  13.80 
Powder milk  15.00  15.00 
Calcium carbonate  2.00  - 
Calcium fructoborate  -  3.20 
Monocalcium phosphate  1.20  1.20 
Oil  2.20  2.20 
Salt  0.20  0.20 
Methionine  0.25  0.25 
Lysine  0.60  0.60 
Choline  0.05  0.05 
Vitamin-mineral premix
*  1.00  1.00 
TOTAL  100.00  100.00 
Analyzed     
Crude protein (CP) - g %  21.71  21.36 
Metabolisable energy 
(ME)-MJ/kg feed 
12.17  12.22 
Calcium (Ca) -  g %  1.07  1.04 
Phosphors (P) -  g %  0.34  0.33 
* IBNA premix: Zoofort P1+2 
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The average weekly weight gains were determined by weekly weighing. 
Balance  studies  were  conducted  for  5  days,  on  weeks  2,  4  and  5,  by 
collecting and recording manure from which average weekly samples were formed. 
The  absorption  coefficients  of  calcium  were  calculated  using  the  data  of  the 
chemical analyses and of the manure samples, which were related to the intake and 
the daily excreta. 
In  the  beginning  of  the  experiment  (2  piglets)  and  in  the  end  of  the 
experiment (all piglets) were slaughtered and samples of serum and bone (femur 
and tibia) were collected. 
Serum  Ca,  alkaline  phosphatase,  phosphorus  (P),  magnesium  (Mg), 
cholesterol and triglycerides were analysed on a Hitachi 920 analyser. 
The bone samples were cleaned of the muscle tissue, kept for 10 minutes in 
hot distilled water and cleaned again. The samples were assayed for dry matter, fat, 
crude protein, ash and Ca using the gravimetric method (dry matter, fat, ash); the 
Kjeldahl method (crude protein); and atomic absorption spectrometry (Ca). 
   
 
Results and Discussions 
 
There were no differences between the performances of the two groups. 
Feed intake (1.0± 0.3 Kg/piglet/day in C and 1.5 ± 0.2 Kg piglet/day in E) and the 
average daily feed intakes (0.597±0. 05 kg in C and 0.595±0. 04 kg in E) were 
similar. It results that the use of calcium fructoborate as source of dietary calcium 
didn’t affect piglet post-weaning performance. 
Figure  1  shows  that  while  during  the  first  stage  of  the  experiment  the 
coefficient of apparent Ca absorption in group C (38.20%) was significantly higher 
than in group E (27.86%), during the final two weeks the difference between the 
two  groups  disappeared.  The  evolution  of  the  coefficients  of  Ca  absorption 
throughout the experiment was governed by the following regression equations Y = 
0.0002X
2 + 0.1709X + 71.378  (C) and Y = -0.0083X
2 + 0.7375X + 61.964 (E), 
both of the equations having correlation factor R=1.  
Figure  1  shows  that  in  both  groups  the  coefficient  of  apparent  Ca 
absorption increased but the slope was smoother in late experimental period. The 
balance  evidence  shows  that  the  two  sources  of  calcium  had  similar 
bioavailabilities. The balance studies are among the techniques used to evaluate 
bioavailability (Pointillart et al., 1995). 
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Figure 1 – Evolution of the coefficients of apparent Ca absorption  
 
Table 2 shows the results of serum analyses.  
 
Table 2 
 Results of blood serum analyses  
(average values /group) 
 
   M  E 
Ca (mg/dL)  10.70 ± 0,6  11.81 ± 0,8 
P (mg/dL)  11.00 ± 4.4  13.74 ± 7.3 
Mg (mg/dL)  4.72 ± 0.1  3.63 ± 1.0 
Fosfataza alcalina (U/l)  199.5 ± 34.6  164.3 ± 36.5 
Cholesterol (mg/ dl)  114 ± 39.6  109.33 ± 39.5 
Trigliceride (mg/ dl)  104 ± 32.5  124.33 ± 29.8 
 
There were no significant differences in serum Ca and P. Ca/P ratio is 
about 0.9- in both groups, in agreement with the data reported by Prikoszovits and 
Schuh (1995).  
Phosphatase  had  in  both  groups  values  similar  to  those  reported  by 
Armstrong and Spears (2001). Considering that Armstrong et al. (2000) showed 
that  the  increase  of  the  dietary  B  level  increases  serum  triglycerides  and 
cholesterol, we also determined this biochemical parameter.  
Table  2  shows  that  serum  triglycerides  and  cholesterol  was  not 
significantly different between the two groups, in agreement with the findings of 
Armstrong et al. 2001.   578
Table 3 shows the femur and tibia dry matter, crude fat and ash; there were 
no significant differences between the two groups. 
If the absolute values of femur and tibia ash were higher in group E, the 
differences were not statistically different than those of group C. The values for 
bone ash are in agreement with those of Mahan (1982). As in the case of the gross 
ash, no significant differences were noticed between femur calcium in groups C 
(23.86 ± 1.1 g %) and E (25.22± 2.7).  
This  data  documents  a  similar  bone  mineralization  in  both  groups.  We 
consider that in this experiment in which fructoborate was added to the diet in 
relation  to  the  dietary  Ca  and  B,  it  was  insufficient  to  display  its  effects  of 
enhancing Ca absorption and to accomplish its action on bone mineralization. 
 
 
Table 3. 
Physical and chemical parameters of the bone 
(average values /group, defatted and dried bone) 
 
  Dry matter 
g% 
Crude fat 
g% 
Ash 
g%  Femur       
Control  64.12 ± 5.6  4.52 ± 1.6  55.84 ± 3.8 
Experimental  67.37 ± 2.7   4.92 ± 1.7   58.29 ± 1.7  
       
Tibia       
Control  65.92 ± 5.72  8.81 ± 5.44  55.55 ± 3.19 
Experimental  69.21 ± 1.66   6.18 ± 8.30  57.07 ± 0.66  
   
Figure 2 shows that both in the femur and in the tibia, the ash content from 
bone end and in the middle of the bone are similar between the two groups. 
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Fig. 2 Femur and tibia ash 
 
 
 
Conclusions 
 
-  Fructoborate can be an alternative source of Ca for the weaned piglets. 
-  We  evaluate  that  the  boron  from  the  fructoborate  didn’t  improve  Ca 
absorption  compared  to  the  calcium  carbonate  and  neither  bone 
mineralization because it was included at a low rate in the diet. 
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